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SEMICONDUCTOR DEVICE 



Technical Field: 

This invention concerns a semiconductor device, in particular, a semiconductor device 
that is greatly improved in terms of the electrostatic breakdown voltage. 
5 Background Art: 

The general consumer-use microwave device market, which began with the appearance of 
satellite broadcast receivers, has enlarged rapidly in scale with the worldwide spread of cellular 
phones and presently, the market for wireless broadband applications is about to emerge 
substantially. In these markets gallium arsenide (GaAs) devices, which are suited for microwave 

10 applications, and Si microwave devices, resulting from the making of conventional Si devices 

finer and arranging three-dimensional structures to achieve lower parasitic capacitance and lower 
parasitic resistance, are mainly used. ' 

Fig. 13 is a circuit diagram of a compound semiconductor switching circuit device. The 
source electrodes (or drain electrodes) of first and second FET's, FETl and FET2, are connected to 

15 a common input terminal IN, the gate electrodes of FETl and FET2 are respectively connected to 
first and second control terminals Ctl-1 and Ctl-2 via resistors Rl and R2, and the drain electrodes 
(or source electrodes) of FETl and FET2 are connected respectively to first and second output 
terminals OUTl and OUT2. The control signals applied to the first and second control terminals 
Ctl-1 and Ctl-2 are complementary signals and the FET to which the H level signal is applied is 

2 0 made to tum ON and transmit the input signal applied to common input terminal IN to one of the 
output terminals. The resistors Rl and R2 are disposed for the purpose of preventing 
high-firequency signals from leaking via the gate electrodes to the DC potential of the control 
terminals Ctl-1 and Ctl-2 which are AC grounded. 



2 5 compound semiconductor switching circuit. 

FETl and FET2, which perform switching, are disposed at central parts of a GaAs 
substrate, and the resistors Rl and R2 are connected to the respective gate electrodes of the FET's. 
Also, pads, respectively corresponding to the common input terminal IN, the output terminals 
OUTl and 0UT2, and the control terminals Ctl-1 and Ctl-2, are disposed at peripheral parts of the 

3 0 substrate. A gate metal layer (Ti/Pt/Au) 20, which is formed at the same time as the forming of the 

gate electrodes of the respective FET's, is a second-layer wiring and indicated by dotted lines, and 



Fig. 14 shows an example of a compound semiconductor chip designed by integrating this 
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a pad metal layer (Ti/Pt/Au) 30, which connects the respective elements and form the pads, is a 
third-layer wiring, indicated by solid lines. An ohmic metal layer (AuGe/Ni/Au)of a first layer 
wiring, which is in ohmic contact with substrate, forms the source electrodes and drain electrodes 
of the respective FET's and take-out electrodes at the ends of the respective resistors, and this layer 
5 is not illustrated in Fig. 14 as it overlaps with the pad metal layer. 

FETl , shown in Fig. 14, is formed in a rectangular operating region 12 that is surrounded 
by alternate long and short dash lines. The three third-layer pad metal layer 30 parts, which take on 
the form of comb teeth that extend from the lower side, are a source electrode 13 (or drain 
electrode) connected to output terminal OUTl , and below this is disposed a source electrode 14 (or 

10 drain electrode), formed by a first-layer ohmic metal layer 10. Also, the three third-layer pad 

metal layer 30 parts, which take on the form of comb teeth that extend from the upper side, are a 
drain electrode 15 (or source electrode), connected to conmion input terminal IN, and below this is 
disposed a drain electrode 14 (or source electrode), formed by the first-layer ohmic metal layer 10. 
These electrodes are disposed in the form of engaged comb teeth and a gate electrode 17, formed 

15 on an operating region 12 from the second-layer gate metal layer 20, is disposed in between in the 
form of five comb teeth. A central drain electrode 1 5 (or source electrode) that extends from the 
upper side is used in common by FETl and FET2 to further contribute to size reduction. Here, that 
the gate width is 600 jiim means that the total gate width of the comb-teeth-like gate electrode 1 7 of 
each FET is 600 |j.m. 

20 As described above, with a conventional switching circuit device, no measures are taken 

in particular for protection against electrostatic breakdown. 
Problem to Which the Invention is Directed 

Fig. 15 shows the results of measuring the electrostatic breakdown voltage of the 
switching circuit device shown in Fig. 14. Here, the electrostatic breakdown voltage is measured 

2 5 under the following conditions. That is, after applying a test voltage to the terminals of a test 
capacitor of 220 pF and thereby charging electricity in the test capacitor, the wiring for voltage 
application is cut off. Thereafter, the charged electricity in the test capacitor is discharged between 
the terminals of a tested element (FET) without resistance factor nor inductance factor inserted and 
whether or not the FET breaks down is measured. If the FET does not break down, the test is 

30 repeatedly carried out with the first application voltage being increased by lOV at a time, and the 
application voltage at which the FET breaks down is measured as the electrostatic breakdown 
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voltage. 

As is clear from this figure, since measures for improving the electrostatic breakdown 
voltage are not taken in the conventional art, the electrostatic breakdown voltage is the lowest and 
only 140 V between common input terminal IN and control terminal Ctl-1 and between common 
5 input terminal IN and control terminal Ctl-2. 

Also, there is variation of the electrostatic breakdown voltage depending between which 
terminals the electrostatic breakdown voltage is measured. Though the specific mechanism that 
determines this electrostatic breakdown voltage is unclear, with a switching circuit device, the 
value of the minimum electrostatic breakdown voltage between two terminals is generally of the 
1 0 level of 100 V or less as mentioned above, and the finest care was required for handling. That is, 
the electrostatic breakdown voltage value for the terminals between which the electrostatic 
breakdown voltage is the minimum governs the electrostatic breakdown voltage of the element as 
a whole, and thus improvement of the electrostatic breakdown voltage between these terminals is 
the subject. 

1 5 Besides, unlike other devices for audio, video and power supply applications, microwave 

communication devices are low in the internal Schottky junction or PN junction capacitance and 
these junctions are weak against static electricity. 

Generally in order to protect a device against static electricity, a method, in which an 
electrostatic breakdown protecting diode is connected in parallel between the terminals of a PN 

2 0 junction or Schottky junction that is damaged readily by electrostatic discharge, in a device, may 
be considered. However, this method could not be applied to a microwave device since increased 
parasitic capacitance due to connection of a protecting diode causes degradation of the 
high-frequency characteristics. 

HOW THE PROBLEMS ARE SOLVED 

2 5 This invention has been made in view of the various circumstances mentioned above and 

provides a solution firstly by an arrangement having an FET, to be a protected element and 
comprising in turn a gate electrode, a source electrode, and a drain electrode, connected to 
operating region surfaces provided on a substrate, and a gate terminal, a source terminal and a 
drain terminal respectively connected to the electrodes, and a protecting element, connected in 

30 parallel to any two of the terminals of the protected element and having an insulated region 

disposed between the two terminals of a first high concentration impurity region and a second high 
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concentration impurity region. Electrostatic energy applied between the two terminals of the 
protected element is discharged between the first and second high concentration impurity regions, 
thereby attenuating the electrostatic energy that reaches the two electrodes corresponding to the 
two terminals of the protected element to a level that does not exceed the electrostatic breakdown 
5 voltage between the two electrodes. 

This invention provides a solution secondly by an arrangement having as a protected 
element, a switching circuit, where first and second FET*s, each provided with a source electrode, 
a gate electrode, and a drain electrode connected to operating region surfaces on a substrate, are 
formed, a terminal connected to a source electrode or a drain electrode common for both FET's is 

10 used as a common input terminal, terminals connected to the drain electrodes or the source 
electrodes of the respective FET's are respectively used as first and second output terminals, 
terminals connected to the gate electrodes of the respective FET's are respectively used as first and 
second control terminals, and control signals are applied to both of the control terminals, via 
resistors, which are connection means that connects both of the control terminals with the gate 

1 5 electrodes, to make one of the FET's tum on to form a signal path with the common input terminal 
and one of either the first or second output terminal. The arrangement also has a protecting 
element, connected in parallel between at least one of the control terminals and the input terminal 
of the protected element and having an insulated region disposed between a first high 
concentration impurity region and a second high concentration impurity region. Electrostatic 

2 0 energy applied from the exterior across the abovementioned at least one control terminal and the 
common input terminal is discharged between the first and second high concentration impurity 
regions to attenuate the electrostatic energy that reaches between electrodes respectively 
corresponding to the at least one control terminal and common input terminal to a level that does 
not exceed the electrostatic breakdown voltage between the electrodes. 

25 BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1(A) is a plan view for describing this invention. Fig. 1(B) is a sectional view for 
describing this invention, and Fig. 1(C) is an equivalent circuit diagram for describing this 
invention, 

Fig. 2 is a schematic diagram for describing this invention, 

30 Fig. 3(A) is a sectional view for describing this invention. Fig. 3(B) is a sectional view for 

describing this invention. Fig. 3(C) is a sectional view for describing this invention, and Fig. 3(D) 
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is a sectional view for describing this invention. 

Fig. 4(A) is a sectional view for describing this invention, and Fig. 4(B) is a sectional view 
for describing this invention. 

Fig. 5(A) is a plan view for describing this invention, and Fig. 5(B) is a sectional view for 
5 describing this invention, 

Fig. 6 is a plan view for describing this invention, 

Fig. 7(A) is a sectional view for describing this invention, Fig. 7(B) is an sectional view 
for describing this invention. Fig. 7(C) is a sectional view for describing this invention, and Fig. 
7(D) is a sectional view for describing this invention, 
1 0 Fig. 8(A) is a plan view for describing this invention, and Fig. 8(B) is an equivalent circuit 

diagram view for describing this invention. 

Fig. 9 is an equivalent circuit diagram view for describing this invention. 

Fig. 10(A) is a plan view for describing this invention, and Fig. 10(B) is a sectional view 
for describing this invention, 
1 5 Fig. 1 1 is a characteristics diagram for describing this invention. 

Fig. 12 is a plan view of this invention, 

Fig. 13 is an equivalent circuit diagram for describing a conventional example. 
Fig. 14 is a plan view for describing a conventional-art example, and 
Fig. 15 is a characteristics diagram for describing a conventional-art example. 
20 DESCRIPTION OF THE EMBODIMENT OF THE INVENTION 

Embodiments of this invention shall now be described in detail. 

First using Figs. 1 to 8, a GaAs MESFET shall be described as a first embodiment of this 
invention. 

Fig. 1 shows schematic diagrams of the first embodiment, with Fig. 1(A) being a plan 
25 view, Fig. 1(B) being a sectional view along line A-A of Fig. 1(A), and Fig. 1(C) being an 

equivalent circuit diagram of Fig. 1(A). This invention's semiconductor device is thus arranged 
from a protected element 100 and a protecting element 200. 

As shown in Figs. 1(A) and 1(B), protected element 100 is a MESFET comprising a gate 
electrode 105, which forms a Schottky junction with an operating layer 102 disposed on a GaAs 
30 surface that is a semi-insulating substrate 101, a source region 103 and a drain region 104, which 
are formed of high-concentration impurity regions disposed at the respective ends of the operating 
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layer 102, and a source electrode 106 and a drain electrode 107, which form ohmic junctions with 
the surfaces of the abovementioned regions. Here, the operating layer 102 and the source and 
drain regions 103 and 104, to which the respective electrodes are connected, shall be referred to as 
an "operating region 108" of the FET, which is indicated by broken lines in Fig. 1(A). 
5 In this specification, the gate electrode 105, the source electrode 106, and the drain 

electrode 107 within the FET operating region 108 are connected via a gate wiring 1 12, a source 
wiring 113, and a drain wiring 1 14 to a gate pad GP, a source pad SP, and a drain pad DP, 
respectively. Also the respective parts at which the gate wiring 112, the source wiring 113, and the 
drain wiring 1 14 are converged and lead to the corresponding pads shall be referred to as a gate 

1 0 terminal G, a source terminal S, and a drain terminal D. 

With regard to the terminals, although illustration shall be omitted here, a protected 
element 1 00 does not have to have all of the gate pad GP, the source pad SP, and the drain pad DP 
and there may be cases where terminals exist even though pads are not disposed. For example, 
with a two-stage amp MMIC, in which two FETs are integrated, pads do not exist but terminals 

1 5 exist for the drain of the first stage FET and the gate of the subsequent stage FET. 

The respective wiring 1 12, 1 13, and 1 14 are not restricted to metal wiring and may be 
resistors formed by an n^ layer, etc. Also, the respective bonding pads SP, DP, and GP 
corresponding to the respective electrodes inside the operating region 108 are not restricted to 
being connected by uniform wiring but resistors, capacitors, inductors, etc., may be inserted in the 

2 0 middle of the wiring. That is, all cases, where some form of electrical signal, be it DC, AC, or high 
frequency, is transmitted between the respective electrodes within the operating region 108 and the 
corresponding bonding pads, are included. 

Here as an example, the gate electrode 105, the source electrode 106, and the drain 
electrode 107 are respectively extended by the metal wiring 112, 113, and 1 14 and connected to 

2 5 the gate pad GP, the source pad SP, and the drain pad DP. 

With a MESFET, the case that is weakest against electrostatic breakdown is the case 
where a surge voltage is applied between the gate terminal G and the source terminal S or between 
the gate terminal G and the drain terminal D, both of which are small in gate Schottky junction 
capacitance, with the gate terminal G side being made negative. In this case, static electricity is 

3 0 applied in reverse bias to a Schottky barrier diodes 1 1 5 formed at the interface between the 

operating region 108 and the gate electrode 105, which is disposed on the surface of the operating 
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region 108. 

As shown in Figs. 1 (B) and 1 (C), when considering the electrostatic breakdown voltage in 
the GaAs MESFET 100, the gate Schottky junction is in a reverse bias state. That is, the 
equivalent circuit in this case is a circuit in which the Schottky barrier diodes 1 15 are connected 
5 between the gate terminal G and the source terminal S and between the gate terminal G and the 
drain terminal D. 

For protection against electrostatic breakdown, electrostatic energy applied to the weak 
Schottky jimctions of the gate electrode 105 should be reduced. Thus in this embodiment, the 
protecting element 200 is connected in parallel between two terminals of the MESFET 1 00 to form 
10 a path, which serves as a bypass that discharges a part of the electrostatic energy that is applied 
between the corresponding two terminals, to thereby protect the weak junction against electrostatic 
breakdown. 

As shown in Figs. 1(A) and 1(C), in this embodiment, a protecting elements 200 are 
respectively connected in parallel between the source pad SP and the gate pad GP, that is, between 

1 5 the two terminals of the source terminal S and the gate terminal G, and between the drain pad DP 
and the gate pad GP, that is, between the two terminals of the drain terminal D and the gate 
terminal G. Electrostatic energy that is applied from the bonding pads connected to two terminals 
can be discharged partially inside the protecting elements 200 by using respective wiring 120. 
That is, the electrostatic energy that reaches a gate Schottky junction in the FET operating region 

20 108, which is weakest in electrostatic breakdown strength, is reduced to protect the FET 100 from 
electrostatic breakdown. Although the protecting elements 200 are connected to carry out 
discharge both between the gate terminal G and the drain terminal D and between the gate terminal 
G and the source terminal S, only one of protecting elements 200 may be connected. 
Here, the protecting element 200 will be described using Fig. 2. 

2 5 Fig. 2 is a schematic diagram indicating protecting element. 

As illustrated, the protecting element 200 of this specification is an element in which an 
insulating region 203 is disposed between the two terminals of a first high concentration impurity 
region 201 and a second high concentration impurity region 202 that are disposed close to each 
other. The first and second high concentration impurity regions 201 and 202 are formed by ion 

3 0 implantation and diffusion in a substrate 201 . In this specification, although these high 

concentration impurity regions shall be described hereinafter as first n^-type region 201 and 
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second n^-type region 202, the impurities does not have to be of the same type and may be of 
different types. The first and second n"^-type regions 201 and 202 are separated by a distance that 
enables passage of electrostatic energy, for example, a distance of approximately 4 ^im, and for 
both, the impurity concentration is 1 x 10^^ cm"^ or more. The insulating region 203 is disposed in 
5 contact with and between the first and second n'^-type regions 201 and 202. Here, the insulating 
region 203 is not completely insulating in electrical terms but is a part 203a of a semi-insulating 
substrate or an insulated region 203b that has been made insulating by ion implantation of an 
impurity into the substrate 201 . The insulating region 203 preferably has an impurity 
concentration of 1 x 10^"* cm""^ or less and a resistivity of 1 x 10^ Qcm or more. 

10 By disposing the high concentration impurity regions 201 and 202 in contact with the 

respective ends of the insulating region 203 and making the distance between the two high 
concentration impurity regions 201 and 202 approximately 4 |im, electrostatic energy, which is 
applied from the outside across two terminals of a protected element to which the two high 
concentration impurity regions 201 and 202 are respectively connected, can be discharged via the 

1 5 insulating region 203 . 

The distance of 4 \im between these two n^-type regions is a suitable distance for passage 
of electrostatic energy, and with an separation of 10 |am or more, discharge will not occur reliably 
across the protecting element. The same applies to the impurity concentration of the n^-type 
regions and the resistance value of the insulating region. 

2 0 Under normal FET operation, since a voltage as high as that of static electricity will not be 

applied, a signal will not pass through the insulating region of 4 |im. Likewise, a signal will not 
pass through the insulating region of 4 \xm even with a high-frequency wave, such as a microwave. 
Thus under normal operation, the protecting element is equivalent to being non-existent since it 
does not influence the characteristics in any way. However, static electricity is a phenomenon in 

2 5 which a high voltage is applied instantaneously, and in this case, electrostatic energy passes 

through the insulating region of 4 |im and is discharged between the high concentration impurity 
regions. Also, when the thickness of the insulating region becomes 10 ^m or more, the resistance 
becomes large even for static electricity and discharge becomes less likely to occur. 

These first n"*'-type region 201 and second n"*'-type region 202 are connected in parallel 

30 between two terminals of a protected element 100. The first and second n'^-type regions 201 and 
202 may be used as they are as the terminals of the protecting element 200 or metal electrodes 204 
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may be provided additionally. 

Cases where the metal electrodes 204 are provided are illustrated in Figs. 3 and 4. Such a 
metal electrode 204 is connected to a bonding pad or a wiring connected to a bonding pad that is 
connected to a terminal of the MESFET 100, which is the protected element. Fig. 3 shows the 
5 metal electrodes 204 that form Schottky junctions with the first and the second n'^-type regions 20 1 
and 202, and Fig. 4 shows the metal electrodes 204 that form ohmic junctions. Here for the sake of 
convenience, these metal electrodes shall be described as Schottky junction metal electrodes 204s 
and ohmic junction metal electrodes 204o. 

In Fig. 3(A), metal electrodes 204s form Schottky junctions with the surfaces of the first 

10 n^-type region 201 and/or the second n^-type region 202. The electrodes are formed on the 

surfaces of the first and the second n^-type regions 201 and 202 are separated by 0.1 |im to 5 |xm 
from the ends of the insulating region 203 in consideration of the mask aligning accuracy and the 
resistances of both the n^ regions 201 and 202. An separation of 5 |xm or more will make the 
resistance large and will not readily allow the passage of static electricity. The metal electrodes 

1 5 204s may be formed on just the first and the second n"^-type regions 201 and 202 or a part thereof 
may extend to the semi-insulating substrate 101 and form a Schottky junction with the substrate 
surface. 

Or as shown in Figs. 3(B) and 3(C), the metal electrodes 204s may be disposed on 
passivation nitride films or other insulating films 205 on the first and the second n^-type regions 

20 201 and 202. In this case, the metal electrodes 204s are extended onto the semi-insulating 

substrate 101 and are coimected via the substrate 101 to the first and the second n^-type regions 
201 and 202. Furthermore, as shown in Fig. 3(D), a structure, wherein a metal layer is not formed 
on either of the n'^-type regions 201 and 202 but the metal electrodes 204s form Schottky junctions 
with the semi-insulating substrate 101 at the outer sides of these regions, is also possible. 

25 In all of the cases illustrated in Figs. 3(B), 3(C), and 3D, the metal electrodes 204s are not 

connected directly with the first and/or the second n'^-type regions 201 and 202. The metal 
electrodes 204s may thus have structures that form Schottky junctions with the substrate 
approximately 0 |Lim to 5 \im to the outer side fi^om the ends of the first and/or the second n'*"-type 
regions 201 and 202. That is, as shown in Figs. 3(B), 3(C), and 3(D), the first and the second 

30 n^-type regions 201 and 202 do not have to be in contact with the metal electrodes 204s, and within 
a distance of 5 |am, an adequate connection between the n^-type regions and the metal electrodes 
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204s can be secured via the semi-insulating substrate. 

Meanwhile, Fig. 4 shows the metal electrodes 204o that form ohmic junctions with the 
first and/or the second N^-type regions. 

The metal electrodes 204o may form ohmic junctions with the first and/or the second 
5 n"*^-type regions 201 and 202. Since the metal electrodes 204o cannot form ohmic junctions with 
the semi-insulating substrate 101, the metal electrodes 204o are not extended onto neighboring 
parts of the substrate 101 in this case. The metal electrode 204o is connected to the bonding pad 
(or a wiring connected to the bonding pad) 120 of the protected element, and in the case of an 
ohmic junction, the metal electrode 204o is connected to the pad (or a wiring) 120 via another 
10 metal layer 206. 

An ohmic junction is lower in resistance than a Schottky junction and passes static 
electricity more readily. In this regard, an ohmic junction provides a larger protection effect 
against electrostatic breakdown than a Schottky junction. 

However, with an ohmic junction, an ohmic electrode metal 204o is diffused deeply into 
1 5 the substrate and when the ohmic electrode metal 204o reaches the depth of the high concentration 
layer or more, the ohmic electrode metal 204o contacts the semi-insulating region of the substrate 
and in this case, the protecting element 200 itself readily undergoes electrostatic breakdown. 

For example, if a metal is provided to form ohmic junctions with both the first n^ region 
201 and the second n^ region 202, the distance between ohmic junctions is 10 |Lim, and the ohmic 

2 0 electrode metal 204o is diffused to the semi-insulating region of the substrate at the depth of the n^ 

regions 201 and 202 or more, an ohmic junction - insulating region - ohmic junction structure is 
formed at region deeper than the depth of the n"^ regions, and since it is known that this structure is 
weak against electrostatic energy, the possibility that the protecting element itself will undergo 
electrostatic breakdown arises in this case. 
25 Thus in a case where the ohmic electrode metal 204o is diffused to the semi-insulating 

region of the substrate at the depth of the two n"^ regions or more, Schottky junctions must be 
formed instead, and in a case where the ohmic electrode metal 204o does not reach the depth of the 
n^ regions, ohmic junctions provide a greater protection effect. 

Also, as shown in Fig. 4(B), it is not necessary for both of the two terminals of the 

3 0 protecting element 200 to have the same metal electrode structure and each of the first and the 

second n^-type regions may have any of the structures shown in Figs. 3 and 4 individually. 
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Furthermore, although an arrangement is possible in which one of the terminals has a metal 
electrode 204 and the other terminal does not have the metal electrode 204, the provision of metal 
electrodes is preferable in that the resistance is decreased and the protection effect is increased 
correspondingly. 

5 Such a metal electrode 204 may be a part of a bonding pad or a part of a wiring connected 

to a bonding pad, and as shall be described in detail later, by using such bonding pads and wiring, 
the chip area can be prevented from increasing due to the connection of the protecting element 
200. 

Referring again to Fig. 1 , an example, wherein the protecting element 200 is connected in 

10 parallel between a weak junction of the MESFET 100, shall be described. 

The sectional view along line B-B of the protecting element of Fig. 3(A) is the same as 
that of Fig. 1(A). That is, in this specification, the connection of the protecting element 200 means 
forming the first n'*'-type region 201 and the second n^-type region 202 at a distance of 4 jam by 
implantation/diffusion on the surface of the semi-insulating substrate 101, on which the protected 

1 5 element 1 00 is formed, connecting the first n^-type region 201 to one of the terminals of the FET 
and connecting the second n'*"-type region 202 to another terminal of the FET, and the protecting 
elements 200 and MESFET 100, which is the protected element, are integrated in the same chip. 
In the case where the substrate surface is not semi-insulating, the insulated region 203 is formed by 
ion implantation of impurity between the two n^-type regions 201 and 202. 

2 0 Also, for the sake of description, the first n'*'-type region 201 shall be the terminal of the 

protecting element 200 that is connected to the gate terminal G, which is one of the terminals of 
FET, and the second n^-type region 202 shall be the terminal of the protecting element 200 that is 
connected to the source terminal S or the drain terminal D, which is the other terminal, in this 
specification. That is, in Fig. 1 , two protecting elements 200 are connected to the FET 1 00 and the 

2 5 first n^-type region 201 of each is connected via the metal electrode 204 to the gate pad GP and the 
second n^-type region 202 is connected via the metal electrode 204 to the drain pad DP or the 
source pad SP. The metal electrodes 204 form Schottky junctions with the first and the second 
n'^-type regions 201 and 202 and parts of the metal electrodes 204 are extended to the 
semi-insulating substrate 101 to form Schottky jimctions with the substrate surface. The structure 

30 of the metal electrode 204 is only an example and may be that of either Figs. 3 and 4. 

That is, each of these protecting elements 200 has its first n^-type region 201, which is to 
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be one terminal, connected to the gate pad GP and its second n^-type region 202, which is to be the 
other terminal, connected to the source pad SP or the drain pad DP via the wiring 120 that are 
connected to the respective pads and thus connected in parallel between the gate terminal G and 
source terminal S or between the gate terminal G and drain terminal D, each corresponding to a 
5 connection of the FET. 

Electrostatic energy that is applied between the gate terminal G and the source terminal S 
or between the gate terminal G and the drain terminal D can thus be discharged partially in the 
protecting element 200. The electrostatic energy reaching gate Schottky junctions in the FET 
operating region that are weakest in electrostatic breakdown strength can thus be attenuated 

1 0 greatly and the FET can be protected from electrostatic breakdown. Discharge is performed 

between the gate terminal G and the source terminal S and between terminal G and drain terminal 
D or between one the pair of terminals. That is, by this structure, the electrostatic breakdown 
voltage of the FET can be improved significantly in comparison to the conventional structure that 
does not use a protecting element. 

15 Whereas with the conventional art, 100% of the electrostatic energy applied between the 

gate terminal G and the source terminal S or between the gate terminal G and the drain terminal D 
is transmitted to the operating region 108, in this invention, a part of the electrostatic energy is 
bypassed to the protecting element 200 by use of the respective wiring and bonding pads and 
discharged inside the protecting element 200. The electrostatic energy that is transmitted to the 

2 0 operating region 108 can thereby be attenuated to a level that does not exceed the electrostatic 

breakdown voltage between the gate electrode and source electrode or between the gate electrode 
and drain electrode of the operating region 108. 

Fig. 5 shows an example of using a bonding pad as the metal electrode of one of the 
terminals of a protecting element. Fig. 5(A) is a plan view, and Fig. 5(B) is a sectional view along 
25 lineC-C. 

In Fig. 1 , an example, in which the wiring 120 are lead out from the source pad SP and the 
drain pad DP and the protecting elements 200 are connected to these wiring 120, was illustrated. 
Fig. 5 shows a structure in which the second n'*^-type regions 202, each forming a Schottky junction 
with a Schottky metal layer 210 of the lowermost layer of each bonding pad, are provided and a 

3 0 part of each of the source pad SP and the drain pad DP is used as a metal electrode 204 connected 

to the second n^-type region 202. 
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Each of the first n^-type regions 201 is disposed so as to be adjacent the second n'^-type 
region 202 and is connected to the wiring 120 that is connected to the gate pad GP. By thus 
connecting the second n'^-type regions 202 directly to the source pad SP and the drain pad DP, 
which are connected to other terminals of the FET, and placing protecting elements 200 adjacent 
5 the respective pads, the electrostatic energy can be discharged directly into the protecting elements 
200 from the source and the drain pads SP and DP, thereby providing a large improvement effect 
in terms of the electrostatic breakdown voltage, and furthermore since the space in the 
surroundings of the pads can be used effectively, increase in the chip area due to the addition of the 
protecting elements 200 can be prevented. 

10 Also, although not illustrated, by connecting the first n'^-type regions 201 directly to the . 

gate pad GP and furthermore placing the second n^-type regions 202 adjacent the first n^-type 
regions 201 and connecting them to the wiring 120 connected to the source pad SP and the drain 
pad DP, the electrostatic energy can be discharged directly from the gate pad GP into the 
protecting element 200, thus likewise providing a large improvement effect in terms of the 

1 5 electrostatic breakdown voltage and yet preventing increase in the chip area due to the addition of 
the protecting elements 200. 

Fig. 6 shows an example of connecting the protecting element 200 in the middle of a 
signal path. As mentioned above, the Schottky junctions of the gate electrode 105 are weakest 
against electrostatic breakdown and the part that undergoes electrostatic breakdown most 

20 substantively is the gate electrode 105 part on the operating region 108. Thus by connecting the 
protecting element 200 in the middle of a signal path from the gate pad GP to the gate electrode 
105 on the operating region 108 as shown in Fig. 6, the most effective protection against 
electrostatic breakdown can be provided. 

In this case, the first n^-type region 201 is connected to a part of the gate wiring 1 12 

25 leading from the gate pad GP to the operating region 108. The second n'^-type region 202 is 

connected to the source pad SP, the drain pad DP or a the wiring 1 20 that is connected to either pad. 
For example, between the gate and the source in Fig. 6, in order to position the second n^-type 
region 202 adjacent the first n'*'-type region 201 , the wiring 120 from the source pad SP is extended 
to the part of the second n'*"-type region 202. 

30 For example, by connecting the gate wiring 1 12 to the operating region 108 upon making 

it run adjacent the source pad SP or the drain pad DP, the protecting element 200 can be connected 
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in the middle of a signal path and yet adjacent a pad of the FET to provide a more effective 
protection against electrostatic energy. 

The type of the protecting element 200, which is integrated on the same substrate as the 
FET 100, shall now be described using Fig. 7. The operating region 108 of the FET 100 may be of 
5 any of the structures described below. In each of Figs. 7(A) to 7(D), the left diagram shows the 
FET's operating region 108 and the right diagram shows the protecting element 200, which is 
integrated on the same substrate. 

First, with the arrangement shown in Fig. 7(A), for example, an n-type operating layer 102 
is formed by ion implantation on the semi-insulating substrate 101, and at the respective ends of 

1 0 this layer, an n+ type source region 1 03 and drain region 1 04 are formed to thereby form the 

operating region 108. This is a MESFET in which the source electrode 106 and the drain electrode 
107 are disposed as ohmic electrodes on the source region 103 and the drain region 104 and the 
gate electrode 105, which forms Schottky junction with the n-type operating layer 102, is provided. 
In this case, the two terminals 201 and 202 of the protecting element 200 are preferably formed at 

1 5 the same time as the source region 1 03 and the drain region 1 04 of the operating region 1 08 for the 
simplification of processes and are separated by 4 |im from each other on semi-insulating substrate 
101. The protecting element has a first n+-type region 201 - semi-insulating region 203a - second 
n+-type region 202 structure. In this case, the protecting element 200 protects the gate Schottky 
junction from electrostatic breakdown. 

2 0 With the FET of Fig. 7(B), for example, the n-type operating layer 1 02 is formed by ion 

implantation on the semi-insulating substrate 101, and at the respective ends of this layer, the n+ 
type source region 103 and the drain region 104 are formed to thereby form the operating region 
108. This is a junction type FET wherein the source electrode 106 and the drain electrode 107 are 
disposed as ohmic electrodes on the source region 103 and the drain region 104 and the gate 

2 5 electrode 105, which is in ohmic junction with a p+-type gate region 109 formed inside the n-type 
operating layer 102, is provided. In this case, the two terminals 201 and 202 of the protecting 
element 200 are preferably formed at the same time as the source region 103 and the drain region 
104 of the operating region 108 for the simplification of processes and are separated by 4 ^im from 
each other on the semi-insulating substrate 101. The protecting element 200 has a first n+-type 

30 region 201 - semi-insulating region 203a - second n+-type region 202 structure. In this case, the 
protecting element protects the gate PN junction from electrostatic breakdown. 



The operating layer 102 of the FET of Fig. 7(C) is, for example, fabricated with an n type 
epitaxial layer onto the semi-insulating substrate 101, and at the respective sides of this layer, an 
n+-type impurity is implanted to form the source region 103 and the drain region 104. This is a 
MESFET in which the source electrode 106 and the drain electrode 107 are disposed as ohmic 
electrodes above the source region 103 and the drain region 104 and the gate electrode 105, which 
forms Schottky junction with the n-type operating layer 102, is provided. This element is isolated 
from other neighboring elements by an insulated layer 125 formed by impurity implantation. In 
this case, since the surface of the protecting element 200 that is integrated on the same chip is an 
n-type epitaxial layer, the area between first and second n+-type regions is formed as the insulated 
region 203b by impurity injection. The outer sides of the respective terminals are likewise isolated 
by the insulated layer 125, formed by impurity implantation. The insulated region 203b of the 
protecting element and the insulated layer 125 for element isolation are preferably formed in the 
same process. Also, the first and the second n4-type regions 201 and 202 are preferably formed at 
the same time as the source and drain regions of the operating region 108. The protecting element 
has a first nH--type region 201 - insulated region 203b - second n+-type region 202 structure. In 
this case, the protecting element protects the gate Schottky junction from electrostatic breakdown. 

Though not illustrated, the same arrangement as that of Fig. 7(B) may be considered for a 
junction type FET with which a p+-type gate region is formed in the n-type epitaxial operating 
layer and a gate electrode with ohmic junction with this region is provided. In this case, the 
protecting element protects the gate PN junction from electrostatic breakdown. 

Besides MESFET's and junction type FET's, an HEMT (High Electron Mobility 
Transistor) is also possible, as shown in Fig. 7(D). 

This is a structure wherein a n++ AlGaAs layer 101a, an undoped InGaAs layer 101b, and 
a n+-l- AlGaAs layer 101c are formed as epitaxial layers successively on the semi-insulating 
substrate 101. The source electrode 106 and the drain electrode 107 are disposed as ohmic 
electrodes above the source region 103 and the drain region 104, formed by n+-type ion 
implantation at the respective ends of the operating layer 102, which is formed of the plurality of 
layers, and the gate electrode 105 that forms Schottky junction with the operating layer surface is 
provided. This element is isolated from other neighboring elements by the insulated layer 125 
formed by impurity injection. Also, as shown at the right diagram of Fig. 7(D), since the surface of 
the protecting element 200 that is integrated on the same chip has the same substrate structure, the 

15 
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protecting element has a structure in which the insulated region 203b is disposed between the first 
and the second n+-type regions that are formed at the same time as the source region 103 and the 
drain region 104. Furthermore, the outer sides of the respective terminals are likewise isolated by 
the insulated layer 125, formed by impurity implantation. The insulated region 203b of the 
5 protecting element and the insulated layer 125 for element isolation are preferably formed in the 
same process. Also, the first and second n-i--type regions are preferably formed at the same time as 
the source and drain regions of the operating region 108. In this case, the protecting element 
protects the gate Schottky junction from electrostatic breakdown. 

Although an example of connecting protecting elements between the gate terminal G and 

1 0 the source terminal S and between gate terminal G and drain terminal D was described here since, 
with an FET, a gate Schottky junction or a gate PN junction is weakest against electrostatic 
breakdown, a protecting element may be connected in parallel between the source terminal S and 
the drain terminal D instead. 

Fig. 8 shows schematic diagrams of such a case. This connection example is just one 

1 5 example. In the case of this example, the second n^-type region 202 is made as the terminal of the 
protecting element 200 that is connected to the source pad SP and the first n'^-type region 201 is 
made as the terminal of the protecting element 200 that is connected to the drain pad DP. The 
second n'^-type region is placed at the periphery of the pad and the source pad SP is used as metal 
electrode 204. 

2 0 Fig. 8(B) shows the equivalent circuit diagram for this case. Here, an equivalent circuit, 

wherein a Schottky barrier diode between the gate terminal G and the source terminal S and a 
Schottky barrier diode between the gate terminal G and the drain terminal D are connected in 
series, is protected. This protecting element connection is effective for example in a case where 
both the source electrode and drain electrode are used as input and output terminals serving as 

25 entrance and exit for signals as in a switching circuit device. 

In general, GaAs MESFETs are used in satellite broadcasting, cellular phones, wireless 
broadband applications, and other microwave applications of the GHz band or higher frequency. 
Thus in order to secure good microwave characteristics, the gate length is of the submicron order 
and the gate Schottky junction capacitance is designed to be extremely small. GaAs MESFETs 

30 were thus extremely weak against electrostatic breakdown and the finest care was necessary for 
handling devices including MMICs in which GaAs MESFETs are integrated. Furthermore, 
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protecting diodes, which are widely employed for increasing the electrostatic breakdown voltage 
in general, consumer-use semiconductors for low frequency applications, such as audio, video, 
and power supply applications, have a pn junction and use thereof thus causes the parasitic 
capacitance to increase greatly by at least a few hundred fF or more. Such protecting diodes thus 
5 greatly degrade the microwave characteristics of a GaAs MESFET and therefore cannot be used. 

However, since this invention's electrostatic breakdown protecting element does not have 
a pn junction and is of a capacitance of at most a few dozen fF or less, it can greatly improve the 
electrostatic breakdown voltage without degrading the microwave characteristics of a GaAs 



The second embodiment is an example of a switching circuit device that uses FET's that 
are connected to the protecting element 200. 

Fig. 9 shows a circuit diagram indicating compound semiconductor switching circuit 

1 5 device, which is a protected element. The source electrodes (or drain electrodes) of first and 
second FET's, FETl and FET2, are connected to the common input terminal IN, the gate 
electrodes of FETl and FET2 are connected to the first and the second control terminals Ctl-1 and 
Ctl-2, respectively, via resistors Rl and R2, respectively, and the drain electrodes (or source 
electrodes) of FETl and FET2 are connected to the first and the second output terminals OUTl 

2 0 and 0UT2, respectively. The control signals that are applied to the first and the second control 
terminals CtM and Ctl-2 are complementary signals and the FET to which the H level signal is 
applied tums ON to make the input signal applied to the common input terminal IN be transmitted 
to one of the output terminals. Resistors Rl and R2 are placed to prevent high-frequency signals 
from leaking via the gate electrodes to the DC potential of the control terminals Ctl-1 and Ctl-2, 

2 5 which are AC grounded. 

With the circuit shown in Fig. 9, the protecting elements 200 are connected in parallel 
between the gate and source terminals and between the gate and drain terminals of each of the two 
FET's of the compound semiconductor switching circuit device, which is shown in Fig. 13, uses 
GaAs FET's, and is called an SPDT (Single Pole Double Throw). The control terminal CtM is 

30 connected to the gate electrode of FETl, the control terminal Ctl-2 is connected to the gate 

electrode of FET2, and the protecting elements 200 are connected respectively between Ctl-1 and 



MESFET. 



10 



A second embodiment of this invention shall now be described with reference to Figs. 9 



and 10. 
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IN, between Ctl-2 and IN, between Ctl-1 and OUTl, and between Ctl-2 and 0UT2. 

Fig. 10 shows a plan view of an arrangement in which the switching circuit device shown 
in Fig. 9 is integrated in a single chip. 

FETl and FET2, which perform switching, are disposed at central parts of the GaAs 
5 substrate 101 and resistors Rl and R2 are connected to the respective gate electrodes 317 of the 
FET's. Also, pads INPad, OUTlPad, 0UT2Pad, CtMPad, and Ctl-2Pad, respectively 
corresponding to the common input terminal IN, the output terminals OUTl and 0UT2, and the 
control terminals Ctl-1 and Ctl-2, are disposed at the surroundings of FETl and FET2, respectively, 
at peripheral parts of the substrate. A gate metal layer (Ti/Pt/Au) 320, which is formed at the same 

10 time as the forming of the gate electrodes 317 of the respective FET's, is a second-layer wiring, 
indicated by dotted lines, and a pad metal layer (Ti/Pt/Au) 330, which connects the respective 
elements and form the pads, is a third-layer wiring, indicated by solid lines. An ohmic metal layer 
(AuGe/Ni/Au), which is the first layer in ohmic contact with the substrate, forms the source 
electrodes and drain electrodes of the respective FET's and take-out electrodes at the ends of the 

1 5 respective resistors, and this layer is not illustrated in Fig. 1 0 as it overlaps with the pad metal 
layer. 

FETl, shown in Fig. 10, is formed on an operating region 312, which is surrounded by 
alternate long and short dash lines. The three third-layer pad metal layer 330 parts, which take on 
the form of comb teeth that extend from the lower side, are a source electrode 313 (or drain 

2 0 electrode) connected to the output terminal OUTl , and below this is disposed the source electrode 
(or drain electrode) formed by the first-layer ohmic layer. Also, the three third-layer pad metal 
layer 330 parts, which take on the form of comb teeth that extend from the upper side, are a drain 
electrode 315 (or source electrode) connected to common input terminal IN, and below this is 
disposed the drain electrode (or source electrode) formed by the first-layer ohmic metal layer. 

25 These electrodes are disposed in the form of engaged comb teeth and in between these, the gate 
electrode 317, formed from the second-layer gate metal layer 320, is disposed on the operating 
region 3 12 in the form of five comb teeth. The drain electrode 3 1 5 (or source electrode) that takes 
on the form of the central comb tooth that extends from the upper side is used in common by FETl 
and FET2 to further contribute to size reduction. Here, that the gate width is 600 )im means that 

30 the total gate width of the comb-teeth-like gate electrode 317 of each FET is 600 fxm. 

The gate electrode and the control terminal Ctl-1 of FETl are connected by the resistor Rl 
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and the gate electrode and the control terminal Ctl-2 of FET2 are connected by the resistor R2. 
The resistor Rl and the resistor R2 are n+-type impurity diffusion regions that are disposed on the 
substrate. 

As described above, with an FET, the part of minimum electrostatic breakdown voltage is 
5 the Schottky junction part between the gate terminal G and the operating layer 1 02. That is, when 
the electrostatic energy applied between the gate and drain terminals or between the gate and 
source terminals reaches at the gate Schottky junction, and the electrostatic energy that reaches this 
part exceeds the electrostatic breakdown voltage between the gate electrode and the source 
electrode or between the gate electrode and the drain electrode, the gate Schottky junction breaks 
10 down. 

Here, since FETl side and FET2 side are symmetrical and are exactly the same, a 
description shall be provided with FETl side as an example. With the conventional-art switching 
circuit device shown in Fig. 14, the electrostatic breakdown voltage is 140 V and the lowest 
between the common input terminal IN and the control terminal Ctl-1 . The electrostatic energy 
1 5 should thus be attenuated before and in the process in which the electrostatic energy applied 
between the common input terminal IN and the control terminal Ctl-1 reaches between the gate 
electrode 317 and drain electrode 3 1 5 or between the gate electrode 317 and source electrode 313 
in FETl. 

Though the increasing of the resistance value of the Rl may be considered as a method of 
2 0 attenuating the electrostatic energy, if the Rl is made too large, the switching time of the switching 

circuit device becomes too long. Thus in this embodiment, the electrostatic energy is attenuated 

using the protecting elements 200. 

Here, as mentioned above, the resistor Rl is formed as an n+-type impurity region. Also, 

as an isolation measure for preventing the leakage of high-frequency signals from the respective 
25 pads, pad peripheral n+ regions 350, which are third high-concentration impurity regions, are 

disposed at the surroundings of the respective pads. As shown in the sectional view of Fig. 10(B), 

the lowermost gate metal layer 320 of each pad forms a Schottky junction with the GaAs 

semi-insulating substrate and the peripheral n+ region 350 forms a Schottky junction with each 

pad. 

30 That is, by positioning the resistor Rl close to the common input terminal pad INPad, the 

n+-type region that makes up the resistor Rl and the pad peripheral n-l--type region 350 become 4 
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|im in distance, thus forming a protecting element 200 across semi-insulating substrate 1 01 . A part 
of the resistor Rl is the first n+-type region 201 and a part of n+-region of the periphery of the 
common input terminal pad INPad is the second n+-type region 202. This layout is thus equivalent 
to connecting the protecting element 200 in parallel between the common input terminal IN and 
5 the control terminal Ctl- 1 , that is, between the source and gate terminals (or between drain and gate 
terminals) of FETl. 

The connection can be made within a path firom a control terminal pad, which is close to 
the common input terminal pad INPad and to which a signal is applied, to an operating region. 
Electrostatic energy applied to the switching circuit device can thus be attenuated prior to reaching 

1 0 the operating region. 

Here, the protecting element 200 can attenuate a greater amount of electrostatic energy 
when the length by which it is placed adjacent along a pad is longer, and this length is thus 
preferably 10 jam or more. Though in Fig. 10, the protecting element 200 is illustrated as being 
placed along a side of the common input terminal pad INPad, for example by changing the 

15 configuration of the resistor Rl and configuring it in an L-shape along two sides of the common 
input terminal pad INPad, the protecting element 200 can be made longer in the length along 
which it is placed adjacent the pad and can thus be made more effective for the attenuation of 
electrostatic energy. 

Though details shall be provided later, by connecting the protecting elements 200 in 
2 0 parallel between the conmion input terminal IN and the control terminal Ctl-1 and between the 
common input terminal IN and the control terminal Ctl-2 of the switching circuit device as 
described above, the electrostatic breakdown voltage between these terminals can be raised up to 
700 V. 

In a case where there is no resistor between a gate electrode and a gate pad as in the first 

2 5 embodiment, for an FET with a gate length of 0.5 |im and gate width of 600 jxm, the electrostatic 

breakdown voltage across a gate and source or across a gate and drain is measured to be no more 
than approximately 50V. A gate Schottky junction on an operating region of an FET thus in itself 
has an electrostatic breakdown voltage of an actual value of no more than approximately 50 V. 

The FET of the second embodiment also has a gate length of 0.5 |Lim and gate width of 600 

3 0 |am, and normally, the electrostatic breakdown voltage of the gate Schottky junction of this FET 

will also be no more than approximately 50V. However, in a switching circuit device, the resistors 




Rl and R2 always exist between a gate electrode and a gate pad (control terminal pad, in this case), 
such as those of the second embodiment. Since a part of the electrostatic energy is consumed as 
heat in these resistors Rl and R2, measurement of the electrostatic breakdown voltage between the 
common input terminal IN and the control terminal Ctl-1 (or likewise between the common input 
5 terminal IN and the control terminal Ctl-2) of the switching circuit device shows the electrostatic 
breakdown voltage to be improved somewhat to approximately lOOV or less, even if the protecting 
element 200 is not connected. 

Furthermore, when the protecting element 200 is connected in parallel, the electrostatic 
energy is bypassed to and discharged in the protecting element 200. Thus even if electrostatic 
1 0 energy of an amount that is discharged by the protecting element 200 is applied additionally 

between the common input terminal IN and the control terminal Ctl-1, the operating region 312 
will not undergo electrostatic breakdovra and thus the measured value of the electrostatic 
breakdown voltage is increased to 200V or more by the amount discharged by the protecting 
element 200. 

15 In other words, the electrostatic energy that is applied between the common input terminal 

IN and the control terminal Ctl- 1 is consumed partially as heat in the resistor Rl , consumed further 
by discharge by the protecting element 200, and thus attenuated to less than the breakdown voltage 
of the operating region 3 12 by the time it reaches the operating region 312. 

Fig. 1 1 shows the results of measuring the electrostatic breakdown voltage of the 

20 switching circuit device of Fig. 10, which is the second embodiment. Here, the electrostatic 

breakdown vohage between the common input terminal IN and the control terminal Ctl-1 and that 
between the common input terminal IN and the control terminal Ctl-2 are both 700 V and are thus 
increased greatly in comparison to the 140V between the same terminals in the conventional-art 
case. 

25 The mechanism for the above shall now be described for a case where the actual value of 

the electrostatic breakdown voltage of the operating region 3 12 of the FET is 50 V. 

As mentioned above, the operating region 3 12 of the FET breaks down at 50 V. Also, 
with the conventional art, the electrostatic breakdown vohage between the common input terminal 
ESf and the control terminal Ctl-1 is 140V as shown in Fig. 1 5. This is the value for the case where 

3 0 the protecting element 200 is not provided and the electrostatic energy applied between the 

common input terminal IN and the control terminal Ctl-1 reaches the operating region 312 upon 
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being attenuated partially by the resistor Rl . That is, electrostatic energy of an amount 
corresponding to 140 - 50 = 90 V is consumed as heat in the resistor Rl between the gate electrode 
317 and the control terminal pad Ctl-lPad, and the Schottky junction breaks down at the point at 
which 50V is applied to the operating region 312 of the FET. 
5 With the second embodiment, the measurement of the electrostatic breakdown voltage 

between the common input terminal IN and the control terminal Ctl-1 shows that breakage occurs 
at 700 V as shown in Fig. 1 1 . The Schottky junction of the operating region 3 12 of the FET breaks 
down at 50 V, the electrostatic energy that is consumed as heat in the resistor Rl between the gate 
electrode 3 1 7 and the control terminal pad Ctl-l Pad is of an amount corresponding to 90 V, and 

1 0 these are the same as those of the conventional art. 

That is, electrostatic energy of an amount corresponding to 700 - 50 - 90 = 560 V is 
discharged in the protecting element 200, and this amount is thus consumed as heat. That is, with 
the pattern of the second embodiment, since an amount (560 V) that exceeds the amount 
corresponding to the electrostatic breakdown voltage of the Schottky junction of the operating 

1 5 region 312 plus the amount attenuated by the resistor Rl can be discharged in the protecting 

element 200 and the electrostatic energy can be attenuated before it reaches the operating region 
312, the electrostatic breakdown voltage can be said to be improved to 700 V. 

Here, below the peripheral end parts of the pad of the common input terminal INPad, of 
the pads of the control terminals Ctl-1 and Ctl-2, of the pads of the output terminals OUTl and 

2 0 0UT2, and also of gate electrodes on the area other than the operating regions 3 12 of the two 
FET's, the peripheral n+-type regions 350 are provided as indicated by alternate long and short 
dash lines. Peripheral n-l--type regions 350 may be provided not just at peripheral end parts but 
also over the entire surfaces directly below respective pads and gate electrodes on the area other 
than the operating regions 3 1 2 of the two FET's. Furthermore, the peripheral n+-type regions 350 

2 5 may be provided adjacent to and at peripheral parts of and not provided directly below, the pad of 
the common input terminal INPad, the pads of the control terminals Ctl-1 and Ctl-2, the pads of the 
output terminals OUTl and 0UT2 and the gate electrodes on the area other than the operating 
regions 3 12 of the two FET's. These peripheral n+-type regions 350 are formed at the same time 
as when the source and drain regions are formed and the distance of parts at which these peripheral 

30 n+-type regions 350 and the resistors Rl and R2 are adjacent each other is 4 |im. 

That is, in the same chip a plurality of the protecting elements 200 may be connected 
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where these peripheral n+-type regions 350 and the resistors Rl and R2 are used as terminals of the 
protecting elements 200. The terminals of the protecting elements 200 may be connected to 
bonding pads via metal electrodes or may be the wiring of the resistors Rl and R25 etc., themselves 
that connect the bonding pads with the operating regions 312. 

In Fig. 10, for example at FETl side, the resistor Rl is disposed so as to pass in the 
vicinity of the common input terminal pad INPad and the output terminal pad OUTl pad. The 
protecting elements 200 are thereby connected both between the gate and drain terminals and 
between the gate and source terminals of FETl to enable the minimum electrostatic breakdown 
voltage of the switching circuit device to be improved. 

As shown in Fig. 1 1, the electrostatic breakdown voltage between the control terminal 
Ctl-1 and the output terminal OUTl and that between the control terminal Ctl-2 and the output 
terminal 0UT2 are both 330V. Much of the details of the mechanism that determine the 
electrostatic breakdown voltage are still unknown and the reasons why the electrostatic breakdown 
voltages between these terminals are reduced in comparison to those of the conventional art are not 
clear. However, since the electrostatic breakdown voltage of the protected element as a whole is 
govemed by the lowest of the electrostatic breakdown voltages among all parings of the terminals 
of the protected element, an important point is how much this minimum electrostatic breakdown 
voltage can be increased. 

In this embodiment, by connecting the protecting elements 200 in parallel between the 
common input terminal IN and the control terminal Ctl-1 and between the common input terminal 
IN and the control terminal Ctl-2, where the electrostatic breakdown voltage was lowest in the 
conventional art, the electrostatic breakdown voltage can be improved to 700V. 

In addition, by also connecting the protecting elements in parallel between the control 
terminal Ctl-1 and the output terminal OUTl and between the control terminal Ctl-2 and the output 
terminal 0UT2, the minimum electrostatic breakdown voltage of 140V is improved to 330V, thus 
providing the effect of improving the electrostatic breakdown voltage of the switching circuit 
device as a whole. 

Fig. 12 shows a third embodiment. Fig. 12 shows the circuit design of a reverse control 
type logic pattern of the compound semiconductor switching circuit device of Fig. 10, and here the 
control terminal Ctl-1 is connected to the gate electrode of FET2 and the control terminal Ctl-2 is 
connected to the gate electrode of FETl. 
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With the logic of this switching circuit, when a signal is to be passed to output terminal 
OUTl, 3V for example is applied to the control terminal Ctl-2, which is further from the output 
terminal OUTl, and OV is applied to the control terminal CtI-1, and oppositely when a signal is to 
be passed to the output terminal 0UT2, a bias signal of 3V is applied to the control terminal Ctl-1 , 
5 which is further from the output terminal 0UT2,.and OV is applied to the control terminal Ctl-2. 

With this reverse control type switching circuit device, the protecting element 200 is 
connected between the input terminal IN and the control terminal Ctl-2. The electrostatic 
breakdown voltage between the two terminals, which was the electrostatic breakdown voltage of 
the lowest value of, for example, 80 V prior to connection, can be improved up to 270 V. 

10 Also, by connecting the protecting elements 200 between the gate and drain terminals of 

FETl (between Ctl-2 and IN), between the gate and source of FETl (between Ctl-2 and OUTl), 
between the gate and drain of FET 2 (between Ctl-1 and IN), and between the gate and source of 
FET2 (between Ctl-1 and 0UT2) as shown in the figure, the minimum electrostatic breakdown 
voltage of the switching circuit, which was conventionally 80 V, can be improved to 270 V. 

15 Here, the common input terminal pad INPad is a pad common for the two FET' s, FETl • 

and FET2, and each control terminal is connected to the FET that is positioned further away. Thus 
for example, the resistors Rl and R2, which are the connection means, are disposed close to the 
four sides, as total, of the input terminal pad INPad in respectively L-shaped forms. That is, the 
structure is such that two protecting elements 200 are respectively connected in L-shaped forms 

2 0 along the input terminal pad INPad. 

Each of a plurality of the protecting elements 200 may thus be positioned along at least 
one side of the same pad. 

The connection examples of the above-described embodiments are just a part of the 
examples. In a case where pads neighbor each other, the respective terminals of the protecting 

2 5 element may be n+ regions that are directly connected to pads. That is, the connection is defined 
only by the description of the claims. 



EFFECT OF THE INVENTION 
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As described in detail above, the preferred embodiment of this invention provides the 
following various effects. 

Firstly, by connecting a protecting element, formed of a high concentration region - 
insulating region - high concentration region, in parallel between terminals that connect an 
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especially weak junction in an FET containing a PN junction or Schottky junction that tends to 
break readily by electrostatic breakdown, electrostatic energy that is applied from the exterior can 
be bypassed. Since the electrostatic energy is thus discharged in the protecting element at the path 
leading to the operating region of the FET, the electrostatic energy, which reaches to the electrodes 
5 on the operating region corresponding to the terminals between which the protecting element is 
connected, is attenuated and the FET can be protected against electrostatic breakdown. 

Secondly, since the protecting element has a high concentration impurity region - 
insulating region - high concentration impurity region structure and does not have a PN junction, 
the parasitic capacitance of the protecting element itself will not arise. The protecting element can 
1 0 thus be formed on the same substrate as the protected element with hardly any increase in parasitic 
capacitance and the electrostatic breakdown can thus be prevented without degradation of 
high-frequency characteristics^ 

Thirdly, by connecting a protecting element adjacent a pad connected to a terminal of the 
protected element, electrostatic energy can be discharged inmiediately after its application, 
1 5 thereby contributing further to the improvement of the electrostatic breakdown voltage. 

Fourthly, by connecting a protecting element in the middle of the path from a bonding pad 
connected to a terminal of a protected element to an operating region, a junction or a capacitance 
that is weak against electrostatic breakdown can be protected most effectively from electrostatic 
breakdown. 

2 0 Fifthly, in a switching circuit device, by connecting a protecting element in parallel 

between a common input terminal and a control terminal, which conventionally had the minimum 
electrostatic breakdown voltage, the electrostatic breakdown voltage between the common input 
terminal and the control terminal can be improved greatly. 

. Sixthly, in a switching circuit device, by also connecting a protecting element in parallel 

2 5 between a control terminal and an output terminal, the effect of improving the minimum 
electrostatic breakdown voltage of the switching circuit device as a whole is provided. 

Seventhly, since unlike a protecting diode, with which electrostatic energy is discharged at 
the horizontal plane, electrostatic energy is discharged at the vertical plane with a protecting 
element, integration of the protecting element can be carried out while causing hardly any increase 

30 in the chip area. 
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